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,QFUHDVLQJHOHFWULFLW\SULFHVWRJHWKHUZLWKKLJKWHFKQRORJLFDOUHTXLUHPHQWVDQGWKHQHHGIRUORZHULQJSURGXFWLRQ
FRVWVUHTXLUH WKHGHYHORSPHQWDQGRSWLPL]DWLRQRI,QIRUPDWLRQ7HFKQRORJLHVDGYLVLQJV\VWHPVIRUPHDVXULQJDQG
PRQLWRULQJWKHSDUDPHWHUVRIWKHODQG
7KH EHQHILWV DULVLQJ IURP WKH DSSOLFDWLRQ RI ZLUHOHVV VHQVRU WHFKQRORJLHV %DJJLR  /RVLOOD HW DO 
=KDQJHWDOLQSUHFLVLRQDJULFXOWXUHFRPHIURPSUHFLVLRQLQWKHDPRXQWRILUULJDWLRQ+(/GH/LPDHWDO
IHUWLOL]HUXVHRQO\LQQHFHVVDU\DUHDVDQGFRQWUROOLQJWKHTXDQWLWLHVRIIHUWLOL]HU2WKHUDGYDQWDJHVRIZLUHOHVV
VHQVRUQHWZRUNVDUH%XUDWWLHWDO
SRVVLEOHWRPRQLWRUSDUDPHWHUVIRUORQJSHULRGVRIWLPH
 GLUHFWO\ DQG DFFXUDWHO\ PRQLWRU WKH VWDWXV DQG SDUDPHWHUV RI WKH FXOWLYDWHG ODQGV DQG WKH RSSRUWXQLW\ WR
LQWHUYHQHLQHPHUJHQF\VLWXDWLRQV
UHPRWHO\GHFLVLRQPDNLQJ
DQDO\VLVDQGVWRUDJHRILQIRUPDWLRQ
WKHDELOLW\WRFUHDWHJUDSKLFDOXVHULQWHUIDFHIRUV\VWHPPRQLWRULQJ
SHUPLWDFFXUDWHDVVHVVPHQWRIQHZPHWKRGVDQGWHFKQLTXHVIRUSURFHVVLQJWKHHDUWK
VVXUIDFH
)RUWKHHVWDEOLVKPHQWDQGRSHUDWLRQRIDZLUHOHVVVHQVRUQHWZRUNUHTXLUHGSODFHPHQWRIVHQVRUVDWNH\ORFDWLRQV
VRDVWRFRYHUWKHZKROHDUHD
6WXGLHVRQWKHSRVLWLRQLQJRIVHQVRUVLQEXLOGLQJDZLUHOHVVVHQVRUQHWZRUNPDUNHGVLJQLILFDQWSURJUHVVLQWKHODVW
GHFDGH ,Q VFLHQWLILF VWXGLHVKDYH H[DPLQHG WKHSRVLWLRQLQJRI VHQVRUV LQ WHUPVRI GDWD WUDQVPLVVLRQ DQGYDULRXV
UHJXODUGLVWULEXWLRQVRIVHQVRUVLQWKHIRUPRIDVTXDUHWULDQJOHDQGKH[DJRQQHWZRUN
,QSUHFLVLRQIDUPLQJUHTXLUHVIXOOFRYHUDJHRIWKHVXUYH\HGDUHD2QWKHRWKHUKDQGWKHQXPEHURIVHQVRUVVKRXOG
EHDVORZDVSRVVLEOHVLQFHPRUHWKDQRQHVHQVRUZRXOGLPSO\DKLJKILQDOYDOXHIRUFRQVWUXFWLRQRIWKHQHWZRUN,W
LVSRVVLEOHDQGDKLJKHULPSDFWRQWKHHQYLURQPHQW,WLVUHTXLUHPLQLPDOHQHUJ\FRQVXPSWLRQRIWKHQHWZRUN7KLV
PHDQVPLQLPDOFRVWIRUPDLQWHQDQFHRIWKHQHWZRUN6RPHWLPHVEDWWHULHVWKDWRSHUDWHWKHQHWZRUNDUHH[SHQVLYHDQG
VRPHWLPHVH[SHQVLYHWKHLUUHSODFHPHQWHVSHFLDOO\ZKHQLWFRPHVWRKDUGWRUHDFKDUHDVDQGRWKHUV
5HGXFLQJ WKH QXPEHU RI VHQVRUV UHVXOWV LQ DQ LQFUHDVH RI WKH HQHUJ\ QHWZRUN2Q WKH RWKHU KDQG LQ RUGHU WR
UHGXFH WKH HQHUJ\ RI WKH QHWZRUN LW LV QHFHVVDU\ WR DGG VHQVRUV 7KHUHIRUH WKH DLP LV WR GHWHUPLQH WKH EDODQFH
EHWZHHQ WKHQXPEHURI VHQVRUVDQGHQHUJ\FRQVXPSWLRQ LQYLHZRI WKHEDVLFSDUDPHWHUVEDVHGRQ WKHQXPEHURI
PHVVDJHVWUDQVPLVVLRQWLPHLQIRUPDWLRQWKHWRWDOQXPEHURISDFNHWVVHQWDQGWKHDPRXQWRIORVVRILQIRUPDWLRQ
0DWHULDOVDQG0HWKRGV
2.1. Wireless sensor network topology. 
7KH:LUHOHVVVHQVRUQHWRZUNWRSRORJ\LVEDVHGRQ=LJ%HHSURWRFROIRUQHWZRUNFRPPXQLFDWLRQ=LJ%HHVWDQGDUG
VXSSRUWVYDULRXVQHWZRUNWRSRORJLHVSRLQWWRSRLQWSRLQW WRSRLQWSRLQWWRPXOWLSRLQWSRLQW WRPXOWLSRLQW
VWHOODWHVWDUWUHHWUHHDQGFHOOXODUPHVK7KHODWWHUKDVWKHDELOLW\WRG\QDPLFDOO\FKDQJHWKHURXWHEHWZHHQWKH
GHYLFHVRQ WKHQHWZRUNEDVHGRQ WKHDYDLODELOLW\RI LQWHUPHGLDWH URXWLQJGHYLFHV XQLWV7KHUHDUH WKUHH W\SHVRI
QHWZRUN=LJ%HHQRGHVFRRUGLQDWRUREOLJDWRU\DWOHDVWRQHRIHDFK=LJ%HHQHWZRUNDQGLQLWLDOL]HVWKHIRUPDWLRQRI
WKHQHWZRUNDQGSHUIRUPVD IXQFWLRQDV LWVFRRUGLQDWRU PDQDJLQJQRGH LW FDQZRUNDVD URXWHUDIWHU VHWWLQJ WKH
QHWZRUN URXWHU  DVVRFLDWHG ZLWK =LJ%HH FRRUGLQDWRU RU DQRWKHU =LJ%HH URXWHU LQYROYHG LQ WKH WUDQVPLVVLRQ RI
LQIRUPDWLRQEHWZHHQQRGHV LQ WKHQHWZRUN5HJDUGOHVVRI WKHLU SXUSRVHGHYLFHV LQ=LJ%HHQHWZRUNXVXDOO\KDYH
V\QFKURQRXV DQG DV\QFKURQRXV FRPPXQLFDWLRQ LQWHUIDFHV DQDORJ  GLJLWDO FRQYHUWHUV GLJLWDO LQSXWV DQG RXWSXWV
JHQHUDO 7KURXJK LWV GLYHUVH SHULSKHUDOV =LJ%HH PRGXOHV DUH YDULRXV DSSOLFDWLRQV IRU FRQWUROOLQJ SURGXFWLRQ
SURFHVVHVSHULRGLFDOO\PHDVXULQJWKHSDUDPHWHUVRISK\VLFDODQGHOHFWULFDOSDUDPHWHUVDQGRWKHUV>@
7KHFRRUGLQDWRUFUHDWHVD=LJ%HHQHWZRUNDQGLWVURXWHPDSDGPLQLVWHUVYDULRXVQRGHVLQWKHQHWZRUNPRQLWRU
QHWZRUNSDUDPHWHUVDQGSURYLGHVEDVLFPDLQWHQDQFH,WFRQQHFWVYLDPXOWLIXQFWLRQDOGHYHORSPHQWSODWIRUPWKURXJK
DQDV\QFKURQRXVVHULDOLQWHUIDFH8$57&RRUGLQDWRUPRGXOHSURYLGHVDFFHVVWKURXJKUDGLRFKDQQHOGHYHORSPHQW
SODWIRUP WR LQGLYLGXDO URXWHUV DQGPHDVXULQJ VHQVRUV LQ WKH=LJ%HHQHWZRUN7KURXJK LW HQWHUV WKHPHDVXUHPHQW
LQIRUPDWLRQIURPDOOWKHPHDVXUHPHQWVHQVRUVFRQQHFWHGWRD=LJ%HHQHWZRUNQRGHV
433 Tsvetelina Georgieva et al. /  Agriculture and Agricultural Science Procedia  10 ( 2016 )  431 – 437 
5RXWHUV SHUIRUP WKH LQWHUFRQQHFWLRQ EHWZHHQ GHYLFHV LQ WKH QHWZRUN 7KH\ DUH UHVSRQVLEOH IRU SHULRGLFDOO\
H[WUDFWLQJLQIRUPDWLRQIURPDVVRFLDWHGPHDVXULQJVHQVRUVWRWKHLUSHULSKHU\DQGUHWHQWLRQRILQIRUPDWLRQFROOHFWHG
XQWLOWUDQVPLVVLRQDQGDFRRUGLQDWRUPRGXOH>@
(DFKWRSRORJ\KDVLWVRZQVHWRIFKDOOHQJHVDGYDQWDJHVDQGGLVDGYDQWDJHV
7RUHDOL]HWKHV\VWHPLVVHOHFWHG0HVKWRSRORJ\7KLVLVDPXOWLKRSV\VWHPLQZKLFKDOOZLUHOHVVVHQVRUQRGHV
DUH LGHQWLFDO7KH\DFW DV D URXWHU FRPPXQLFDWH WUDQVPLWGDWD WRDQG IURPRWKHUQRGHV LQ WKHQHWZRUN6WDQGDUG
;0HVKFRQILJXUDWLRQLVSUHVHQWHGRQ)LJ


)LJ6WDQGDUG;PHVKWRSRORJ\
,WVPDLQDGYDQWDJHVDUH
GLUHFWH[FKDQJHRIGDWDEHWZHHQQRGHV
DKLJKGHJUHHRIUHOLDELOLW\
LIDSDWKIDLOVFDQEHIRXQGE\SDVVURXWHQHWZRUNDQGZLOOQRWORVHSHUIRUPDQFH
2.2. Graphical user interface structure 
7KHJUDSKLFDO XVHU LQWHUIDFH *8, DLPV WRPDQDJH ERWK LQLWLDOL]DWLRQRI WKH=LJ%HHQHWZRUN DQG WKH IORZRI
LQIRUPDWLRQ UHFHLYHG IURP WKH VHQVRUV 7KURXJK LWV SURJUDPV SURYLGLQJZHEEDVHG SODWIRUPPDNHV FKHFNLQJ WKH
UHOLDELOLW\ RI GDWD VRUWV WKH GDWD REWDLQHG UHFRUGHG WKHP LQ D GDWDEDVH DQG SUHVHQWV WKHP WR WKH XVHU LQ DQ
DSSURSULDWH IRUP 7KHUHE\ SURYLGLQJ WKH XVHU ZLWK DFFHVV WR FKURQRORJLFDOO\ UHFRUGHG GDWD ZLWK WKH UHVSHFWLYH
LQWHUFRQQHFWLRQVEHWZHHQWKHP
%\ DSSURSULDWHO\ GHVLJQHG JUDSKLF RU ZHE LQWHUIDFH GHYHORSPHQW SODWIRUP SURYLGHV WKH GDWD UHFRUGHG E\ WKH
DGMDFHQWSHULSKHUDOVPRQLWRUSURMHFWRURUUHPRWHO\YLDORFDORUJOREDOQHWZRUN
7KHPDLQ WDVN RI WKH*8, LV WR SURYLGH WKH XVHU IRU UHYLHZ SUHSDUDWLRQ RI UHSRUWV FRQVWUXFWLRQ RI VWDWLVWLFDO
JUDSKVDQGWDEOHVRIGDWDUHFRUGHGE\WKHV\VWHP
'HYHORSPHQWRIWKH*8,LVEDVHGRQVRIWZDUH/DE9LHZ
7KHIURQWSDQHORIWKHGHYHORSHGYLUWXDOLQVWUXPHQWRIPRELOHV\VWHPEDVHGRQZLUHOHVVPHDVXUHPHQWWKHPDLQ
VRLOTXDOLW\SDUDPHWHUVDUHVKRZQRQ)LJ

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 
)LJ)URQWSDQHORIWKH*8,)LJ6XEPHQX³2YHUYLHZ´RIWKH*8,

7KHIURQWSDQHO)LJLVGLYLGHGLQWRIRXUVXEPHQXV7KHOHIWVLGHRIWKHIURQWSDQHOVKRZVWKHPDLQPHQXWR
VHOHFWWKH&20SRUWWRZKLFKZLOOEHFRQQHFWHGWKHEDVHVWDWLRQWKHVSHHGRIGDWDWUDQVPLVVLRQDQGRWKHUSDUDPHWHUV
VSHFLILFIRUHDFKGHYLFH7KHQH[WVXEPHQXLV³2YHUYLHZ´)LJ±IRUYLVXDOL]DWLRQRIWKHWHPSHUDWXUHKXPLGLW\
FRQGXFWLYLW\DQGDFLGLW\YDOXHV
7KHVXEPHQX³6HQVRU´)LJLVXVHGIRUYLVXDOL]DWLRQRIWKHWHPSHUDWXUHKXPLGLW\FRQGXFWLYLW\DQGDFLGLW\
YDOXHVXVLQJEDUGDLJUDPVDQGWRVKRZWKHKLVWRU\RIWKHYDOXHVIRUWLPHUDQJHGHILQHGIURPWKHXVHU'LIIHUHQWFRORU
DUHXVHGIRUYLVXDOL]DWLRQRIWKHPDLQSDUDPHWHUV
7KHSDUWRIWKHGHYHORSHGEORFN±GLDJUDPLVUHSUHVHQWRQ)LJ


)LJ%ORFNGLDJUDPRIWKH*8,
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
)LJ6XEPHQX³6HQVRU´RIWKH*8,
2.3. Hardware design 
'HYHORSPHQWRIWKHZLUHOHVVPRELOHV\VWHPIRUPHDVXULQJDQGPRQLWRULQJRIWKHPDLQTXDOLW\VRLOSDUDPHWHUVLV
EDVHG RQ $UGXLQR PRGXOHV 7KHUH DUH XVHG PRGXOHV ZLWK ZLUHOHVV FRPPXQLFDWLRQ IRU PHDVXULQJ WHPSHUDWXUH
KXPLGLW\ FRQGXFWLYLW\ DQG DFLGLW\ RI WKH VRLO DQG PRGXOH  D EDVH VWDWLRQ FRQQHFWHG WR D SRUWDEOH ODSWRS IRU
UHFHLYLQJSURFHVVLQJDQGVWRULQJLQIRUPDWLRQIURPZLUHOHVVVHQVRUPRGXOHV
$UGXLQRSODWIRUPLVEDVHGRQLQSXWRXWSXWERDUGDQGDGHYHORSPHQWHQYLURQPHQWWKDWXVHVODQJXDJHSURFHVVLQJ
$UGXLQRERDUGLVHTXLSSHGZLWKDSRZHUIXO$7PHJDPLFURFRQWUROOHUVDQGXVXDOO\VHUYHVDVWKHEUDLQRIWKHURERW
DQGLQWHUDFWLYHSURMHFWV$UGXLQRFDQIHHOWKHZRUOGDURXQGKLPXVLQJYDULRXVVHQVRUVDQGUHVSRQGWRFKDQJHVLQ
WKHHQYLURQPHQW
%DVH VWDWLRQ LV DGHYLFHFRQQHFWHG WRD3&ZKLFKDFWV DVD WUDQVFHLYHU IRU FHQWUDOL]HGVHUYLFHJURXSHQG
VXEVFULEHUZLUHOHVVVHQVRUGHYLFHV7KHEDVHVWDWLRQFRQVLVWVRIWKHIROORZLQJHOHPHQWV$UGXLQR8QR$UGXLQR;EHH
:LUHOHVV3URWRVKLHOGDQGUDGLRPRGXOH;%HHP:ZLWK3&%DQWHQQD6HULHV)LJ


)LJ7KHEDVHVWDWLRQ
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$UGXLQR8QR LV DPLFURFRQWUROOHU GHYHORSPHQW ERDUGZLWK$7PHJD3$95PLFURFRQWUROOHU 7KHUH DUH 
GLJLWDOLQSXWRXWSXW,2SRUWVDQDORJLQSXWV0+]TXDUW]UHVRQDWRUIRXU/('VRQHXVHUFRQQHFWHGRQ
GLJLWDO,2SRUWDQGWKUHHWKDWLQGLFDWHWKHZRUNRIWKHERDUG217[DQG5[86%FRQQHFWRUSRZHUFRQQHFWRU
UHVHWEXWWRQDQG,&63FRQQHFWRU6L[RIGLJLWDO,2SRUWFDQEHXVHGDV3:03:0RXWSXWV&RQQHFWLRQWRD3&
LVGRQHYLD86%FDEOH86%$86%%
6HQVRUVIRUPHDVXUHPHQWRIWKHPDLQVRLOSDUDPHWHUVDUHVKRZQRQ)LJ
 
)LJ6HQVRUVIRUPHDVXUHPHQWRIWKHPDLQVRLOSDUDPHWHUV
$KLJK OHYHOVLPXODWLRQHQYLURQPHQWZKLFKSURYLGHVDIDVWDQGHDV\ZD\IRU URXWLQJSHUIRUPDQFHHYDOXDWLRQV
ZLOOEHXVHGIRURSWLPL]DWLRQRIWKHQHWZRUNWRSRORJ\352:/(5LVDSUREDELOLVWLFQHWZRUNVLPXODWRUGHYHORSHG
ZLWKYDULRXVUDGLRPRGHOVDQGD&60$0$&OD\HU6LPRQHWDO
7KHGHYHORSHGPRELOHV\VWHP)LJLVWHVWHGLQWKHODERUDWRU\


)LJ'HYHORSHGPRELOHV\VWHP
&RQFOXVLRQV
7KLVSDSHULPSOHPHQWHGDZLUHOHVVVHQVRUQHWZRUNV\VWHPIRUVRLOPDLQTXDOLW\SDUDPHWHUVPRQLWRULQJ
$QDQDO\VLVRIWKHSXEOLVKHGUHVXOWVLQWKHVWXG\DUHDLQGLFDWHVWKDWWKHUHLVDSUREOHPZLWKFKRRVLQJDQDSSURSULDWH
PDQDJHPHQWWHFKQRORJ\IRUPRQLWRULQJRIVRLOTXDOLW\SDUDPHWHUV7KLVUHTXLUHVVROYLQJVSHFLILFWDVNVLQWKLVVWXG\
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7KHVWUXFWXUHSDQHOVDQGEORFNGLDJUDPVRIJUDSKLFDOXVHULQWHUIDFHLQWKHVRIWZDUH/DE9LHZDUHGHYHORSHG
:HEEDVHGPRELOHV\VWHPIRUZLUHOHVVPHDVXUHPHQWRIWHPSHUDWXUHKXPLGLW\FRQGXFWLYLW\DQGDFLGLW\EDVHGRQ
$UGXLQRPRGXOHV LVGHYHORSHG7KHGHYLFHVDUHFRQILJXUHGDQGDSSURSULDWHVRIWZDUHIRU WKHRSHUDWLRQRIZLUHOHVV
VHQVRUPRGXOHVLVZULWWHQ
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